Background: The aim of this study has been to assess the larynx and soft tissue around the vocal tract in a group of people with healthy voice, and in a group of patients with occupational dysphonia using the new laryngeal manual therapy palpatory evaluation scale (LMTPE). Material and Methods: The examinations were performed in a study (dysphonic) group of professional voice users who had developed voice disorders (N = 51) and in the control group of normophonic subjects (N = 50). All the participants underwent perceptual voice assessment and examination by means of the LMTPE scale. Additionally, phoniatric examination including VHI (Voice Handicap Index) questionnaire, GRBAS (the Grade of hoarseness, Roughness, Breathiness, Asthenic, Strained) perceptual evaluation, maximum phonation time (MPT) measurement and videostroboscopy was performed in the study group. Results: The comparison of the LMTPE total score showed that the results of the study group were significantly poorer than those of controls (p < 0.001). In the study group, correlations were found between the LMTPE results and the VHI scores (p < 0.05), perceptual evaluation by the GRBAS (p < 0.05) and the objective parameter MPT (p < 0.05). Conclusions: The study has proven that the LMTPE scale is characterized by the high score of Cronbach's α ratio estimating the reliability of the test. The results have confirmed that the LMTPE scale seems to be a valuable tool, useful in diagnostics of occupational dysphonia, particularly of hyperfunction origin. Med Pr 2017;68(2):179-188
INTRODUCTION
Voice disorders usually affect professional voice users. It is a fact acknowledged by most clinicians and authors that teachers are the largest professional group diagnosed with voice problems [1] [2] [3] . The etiological factors responsible for these disorders include: prolonged use of voice, excessive loading of the voice organ, non-optimum phonation technique, failure to comply with the principles of hygiene and work in unsuitable climatic conditions [4, 5] . It is increasingly believed that psychogenic factors may also be involved in the development of voice disorders [6, 7] . Kooijman et al. [8] have concluded that stressful situations typically cause tension in the muscles of neck and lumbar spine, but professional voice users additionally tend to transfer the tension onto the internal and external muscles of the larynx and pharynx.
Similarly, Nichol et al. [9] have observed that the symptoms of tension result from hyperactivity of the autonomic and peripheral nervous system, which is typical for people with high levels of anxiety and hyperactive individuals. Interestingly, such hyperactivity may lead to symptoms of hyperfunctional dysphonia, typical for the first stage of occupational voice disorders. If left untreated, these symptoms may progress to organic changes in the form of vocal nodules.
According to many clinicians, most people with work-related hyperfunctional dysphonia are diagnosed with voice fatigue syndrome resulting from improper compensation of vocal loading [10, 11] . Discomfort experienced by patients, sometimes even tenderness and pain within the perilaryngeal structures prevent the production of voice. Prolonged, untreated dysphonia results in problems with the neuromuscular apparatus of the larynx, increased tension of masseter, buccal fundus, and suprahyoid muscles, which excessively raises the position of the larynx [12, 13] . The tension induces lack of coordination between breathing, phonation and articulation, and adversely affects the quality and efficiency of voice.
Occupation-related voice disorders require a comprehensive diagnosis, including palpation to evaluate disorders and dysfunctions within the vocal tract. Currently, there are few standardized methods for assessing perilaryngeal muscles. The Jacob Lieberman protocol used by physiotherapists/osteopaths is an example of methods used most frequently in Poland [14] . Mathieson et al. [15] have proposed a new simple system for assessing tension of individual vocal tract structures, the Laryngeal Manual Therapy Palpatory Evaluation (LMTPE) scale. In their monograph the authors stress the importance of the scale in the diagnosis and monitoring of therapy of functional voice disorders. Therefore, the aim of the study has been to evaluate the applicability of the Polish version of the LMTPE scale in the diagnosis of occupational dysphonia.
MATERIAL AND METHODS
The study was conducted in a group of 51 female professional voice users who had developed voice disorders and who were diagnosed by a phoniatrician in the Department of Audiology and Phoniatrics Clinic of the Nofer Institute of Occupational Medicine in Łódź. The average age of the study population was 44 years old. The control group consisted of 50 women with euphonic voice. The controls were not professional voice users, did not smoke, did not report any prior or current vocal problems. The average age was 42 years old (Table 1) .
Assessment of the larynx and the soft tissues around the vocal tract was performed for all 101 participants of the study using the Polish version of the LMTPE scale. The assessment included: 1. Sternocleidomastoid muscle right (SCM right). 2. Sternocleidomastoid muscle left (SCM left). 3. Supralaryngeal area. 4. Laryngeal resistance to lateral pressure.
Perilaryngeal muscle tension is assessed in the range 0-5, where 0 represents the minimum resistance, and 5 denotes the maximum resistance. The second section of the scale determines the position of the larynx, which can be: A. Elevated. B. Neutral. C. Low. D. Very low.
Total score of the "tension" subscale may range 0-20 points. Palpatory evaluation of the perilaryngeal musculature was carried out by the first author who had held a certificate of the Laryngeal Manual Therapy course led by Mathieson in the Royal Society of Medicine in London. She had prior experience of 6 years working full time in a specialized voice clinic, treating patients with occupational voice disorders.
The subjects from both groups also completed the Voice Handicap Index (VHI) questionnaire which was a well known and widely used self-rating test evaluating the biopsychosocial impact of voice problems [16] . It examines the impact of voice disorders in 3 domains of life: functional (VHI-F), emotional (VHI-E) and physical (VHI-P). The result obtained within the limit 0-30 is defined as a minor voice handicap, 31-60 is an average voice handicap, and the result of 61-120 points indicates a serious voice handicap. Moreover, all patients had their voice perceptually assessed with the use of the GRBAS scale. This scale, developed by the Japanese Society of Logopedics and Phoniatrics, describes voice disorders with 5 well-defined parameters: G (grade of hoarseness), R (roughness), B (breathiness), A (asthenic), S (strained). The scale has 4 levels of disorders, intensity in which "0" means normal, "1" -slightly disordered, "2" -moderately disordered, "3" -severely disordered, with respect to all para meters.
A phoniatrician and 2 speech and voice therapists who specialized in the assessment and treatment of people with voice disorders were recruited as judges. They had more than 10 years of experience and were familiar with the GRBAS scale. The perceptual voice evaluation included automatic speech (counting from 1-10 and listing the days of the week), prolonged vowels /i/ and /a/ between 3 and 5 s. (with comfortable pitch and loudness) and spontaneous speech upon the request ''Tell me about your voice.'' These voice samples represent routine clinical material for the evaluation of voice quality. The results were subject to calculation of the mean value for 3 assessments.
Voice assessment in the study (dysphonic) group also involved measurement of maximum phonation time (MPT). The MPT was measured in the following way: the subject was asked to phonate a sustained /a:/ vowel at a comfortable pitch and loudness as long as possible during a single exhalation. The result of the MPT is an average of three consecutive measurements and its decrease below 10 s (i.e., the minimum normal MPT value) usually indicates voice disorders.
Additionally, in the study group phoniatric examination including videostroboscopy was performed.
Statistical methods
The SPSS software package (version 22.0) was used for the statistical analyses purposes. The comparison of the total score of the muscle tension and resistance in the perilaryngeal musculature evaluated in the LMTPE scale between the study group and the control group was performed by means of the Student's t-test and the comparison of the tension in the individual tissues -by means of the Student's t-test. The value equivalent to p ≤ 0.05 was considered to be at the level of significance.
Mann-Whitney U test was used for comparing the position of the larynx in the 2 groups. In addition, the tissue tension and the position of the larynx were compared in 2 subgroups of patients: with vocal nodules and with hyperfunctional dysphonia using the MannWhitney U test.
The analysis of the relationship between the results of the MPT measurement, the VHI questionnaire, the GRBAS scale and LMTPE was carried out using Spearman's rank correlation coefficient. The reliability of the constructed Polish LMTPE scale was assessed by means of Cronbach's α reliability coefficient, which describes the extent to which all the items in a test measure the same concept or construct, and hence it is connected to the inter-relatedness of the items within the test.
RESULTS
Based on the results of phoniatric and videostroboscopic examinations and diagnosis, the subjects of the study group with occupational dysphonia were classified into the following subgroups: vocal nodules (31.4%) and hyperfunctional dysphonia (68.6%) ( Table 1) .
Comparison of average overall assessment of perilaryngeal tissue tension by the LMTPE scale in the study and the control group was carried out. The statistical analysis of the overall tension results demonstrated a statistically significant difference between the patients and the controls (p < 0.001). The result of tissue tension in the study group was 12 points and it was significantly higher than for the control group, in which the result was 0.56 point (Figure 1 The position of the larynx in both groups was also compared ( Figure 2 ). As an ordinal scale, the LMTPE cannot express the results in the form of arithmetic mean values (M). Therefore, the calculation of median values was performed to indicate central trends characterizing the distribution of measurement results. Mann-Whitney U test was used for this purpose, and it showed a statistically significant difference between the groups (p < 0.001). The median for the control group was 2, and for the study group it was 1, which confirms the neutral position of the larynx in the control group, as opposed to its elevated position in the study group.
The Figure 3 shows the comparison of the average scores for each of tension subscale items in both groups. Statistically significant differences for all the analyzed LMTPE scale items were confirmed by the t-test. The analysis of the values of the "tension" subscale revealed the mean value in the control group, that equaled 0.14, while the corresponding value for the study group was above 3 (p < 0.001).
The research showed poorer results obtained both in the "tension" and the "laryngeal position" subscale for patients with voice disorders as compared with the control group.
Mean values of individual structures of tension measured by the LMTPE scale between disorder-based subgroups were then compared. It should be noted that both in the subgroup with vocal nodules (A) and the subgroup with hyperfunctional dysphonia (B), the mean tension in the perilaryngeal structures was the same and equal to 12 ( Figure 4) . Comparable results were observed in assessing the laryngeal position; median value for both subgroups was 1, which confirms that the position of the larynx in both groups was abnormal, i.e., elevated ( Figure 5 ).
In the next stage of the study we analyzed the results of the Voice Handicap Index and the maximum phonation time in the study group. The average total score of the VHI was 45.88. The highest value was recorded in the physical subscale (M = 21 points); followed by * Probability in t-Student test p < 0.001. Fig. 3 . Average results of the individual items of the laryngeal manual therapy palpatory evaluation (LMTPE) tension subscale in the control and study group In addition, the results of the LMTPE scale correlated significantly (p < 0.05) both with maximum phonation time and with the VHI results (total and subscales) ( Table 2 ). For the correlation relationship between all items of the LMTPE subscale "tension" and On the other hand, positive correlation was observed for the overall results of the LMTPE scale and both the total VHI result and each of its subscales (Table 2). The overall result of the LMTPE scale level of significance was p = 0.001 (rho = 0.470) for the relationship with the VHI total, p = 0.001 (rho = 0.487) for the VHI functional subscale, p = 0.001 (rho = 0.454) for the emotional subscale, p = 0.001 (rho = 0.390) for the physical subscale. Moreover, the strongest correlation was observed for the items of the "tissue tension" subscale with functional, emotional and physical VHI subscales (p < 0.05). Additionally, very strong correlation was observed for all items of the "tension" subscale with functional, emotional and physical VHI subscales, which points to a strong relationship between these items ( Table 3) .
The analysis of the relationship between the results for each LMTPE subscale and perceptual evaluation of voice revealed the statistically significant correlation for 3 parameters of the GRBAS scale: "G" -grade of hoarseness (p = 0.006, rho = 0.379), "R" -roughness of voice (p = 0.030, rho = 0.305) and "S" -strained voice (p = 0.001, rho = 0.584) and the tension of individual tissues. Moreover, a correlation was observed for the "laryngeal position" subscale and the parameter "A" -asthenic voice (p = 0.046, rho = 0.281) ( Table 4) .
The next stage of the study assessed the reliability of the Polish LMTPE scale in terms of basic psychometric properties using Cronbach's α test. This coefficient was 0.971 and 0.922 in the control group and study group respectively, indicating a high reliability of the developed Polish LMTPE scale.
DISCUSSION
The review of literature shows that patients with dysphonia experience increased muscle tension outside the larynx, which changes its position in relation to other structures of the vocal tract and consequently disrupts the conditions of voice emission [17, 18] . The transfer of myofascial tension from the area of the neck, jaw to the deeper structures i.e., inner muscles of the larynx has been signaled by many authors [19, 20] . Due to this fact, as reported by Mathieson et al. [15] , palpatory assessment of the tension of individual anatomical elements Table 3 . Correlation between "tension" and "laryngeal position" subscales of laryngeal manual therapy palpatory evaluation (LMTPE) scale Table 2 .
having a direct or indirect impact on the function and position of the larynx is important in the diagnosis. For this reason, the aim of this study has been to evaluate the use of the Polish version of the LMTPE scale in detecting voice disorders. The research using that scale was conducted for patients with diagnosed occupational voice disorders, and for patients with euphonic voice. While comparing the average overall score of perilaryngeal tissue tension in the LMTPE scale it was found that teachers from the dysphonic group showed significantly poorer results as compared to the control group (p < 0.01). Similarly, for all items of the "tension" subscale, there was a significant difference between groups (p = 0.000), i.e., sternocleidomastoid, supralaryngeal muscles, and larynx resistance to lateral pressure.
Significant differences between the control group of normophonic subjects and the group of teachers with occupational dysphonia were recorded also in the "laryngeal position" subscale (p = 0.000). It indicates an elevated position of the larynx in professional voice users, one of the most common symptoms of hyperfunctional dysphonia.
Besides, our results have shown correlations between results of the "tension" and the "laryngeal position" subscales. These results are in accordance with similar studies (for example by Aronson et al. and others [20, 21] ) and confirm that increased laryngeal tension may trigger improper, elevated positioning of the larynx, and additionally cause muscle pain reactions in the neck and throat. The role of hyperfunction of neck muscles in the etiology of voice disorders was studied by Roy et al. [22] who reported that excessive muscle tension in the larynx raised it toward the hyoid bone, which in turn adversely affected vocal quality and efficiency. These observations were confirmed by this research of ours.
The next step of our study was to determine the validity of the LMTPE scale. In order to do so, the relation between the results of the LMTPE scale and the VHI test was evaluated. The Voice Handicap Index (VHI) is currently the most widely used voice selfassessment test used for measuring vocal disability. A statistically significant correlation has been observed between the overall results of the LMTPE scale and Table 2 .
those of the VHI questionnaire. Observations described above are reflected in clinical practice, as people in the study group reported reduced voice-related quality of life in direct proportion to the increase in the severity of laryngeal tension. The conducted research is in accordance with the studies carried out in other institutions and indicates that apart from the self-reported physical discomfort within the vocal tract, the patients also experience a wide range of problems of psychosocial nature [23, 24] . Furthermore, our studies have confirmed the correlation of the LMTPE scale results with the results obtained by means of methods commonly used in phoniatric practice, i.e., the aerodynamic parameter (MPT) and perceptual evaluation by the GRBAS.
There is little research on the validity and reliability of palpation methods. However, Kooijman et al. [8] reported high correlation of the results of Lieberman palpatory method and the Voice Handicap Index score. Additionally, Redenbaugh and Reich [25] presented moderately high correlations between palpation and sEMG (surface electromyography). Similarly, in our study a direct positive relationship has been demonstrated between results of the LMTPE scale and the VHI questionnaire, perceptual voice assessment (GRBAS scale) and objective parameters of maximum phonation time. This fact is of particular importance given that according to the Committee on Phoniatrics of the European Laryngological Society these three independent methods represent equivalent tests included in a battery of diagnostic tools [26] .
In our study, we have also assessed the reliability of the LMTPE scale by Cronbach's α test, which is one of the methods extensively used for the evaluation of subjective scales. Literature data confirms the feasibility of that tool for analyzing the reliability and validity of the new-developed subjective scales [27, 28] . The high reliability of the LMTPE scale has been confirmed by the values of Cronbach's α coefficient -in the control group this coefficient was 0.965, and in the study group it was 0.934. The high value of this coefficient means that the measurements of tension in the individual structures of the vocal tract are sufficiently precise and provide consistent and reproducible results.
In conclusion, our study confirms the findings of other clinicians that the presence of elevated tension of the soft tissues and abnormal movements of individual anatomical structures of the vocal tract is characteristic of professional dysphonia, especially on the hyperfunctional ground [29, 30] . The assessment of direct manual examination by means of the LMTPE scale may play an important role in the early diagnosis of dysphonia, as well as facilitate the choice of a suitable manual therapy technique. Therefore, the authors firmly believe that this scale could be used in daily phoniatrics and speech therapy practice. Moreover, in the future it could also be applied to evaluate the effectiveness of voice therapy in voice disorders of hyperfunctional origin. However, this requires further research on a larger population.
CONCLUSIONS
1. The results show that perilaryngeal muscle tension and position of the larynx measured using the LMTPE scale is significantly higher in the group of patients with occupational voice disorders compared to normophonic people. 2. The Polish LMTPE scale is characterized by the high reliability and accuracy in terms of assessing perilaryngeal muscle tension and the position of the larynx. 3. The results of this scale correlate with other parameters of voice assessment used in the comprehensive diagnosis. 4. The LMTPE scale seems to be a valuable tool, useful in the diagnosis of occupational voice disorders.
